Introduction: Smokeless tobacco (SLT) use in the United States has remained constant or even increased slightly in recent years, whereas smoking has continuously decreased. Characterization of transitions between tobacco products is critical to understand the reasons behind the continuing use of smokeless tobacco. 2010-2011 (11.6% vs. 24.4%, p < .0001), but the corresponding SLT use quit rates remained stable (41.3% vs. 40.0%, p = .87). Similar patterns were found in females with smoking quit rates increasing considerably (12.3% vs. 24.2%, p < .0001). Smoking quit rates increased in most sociodemographic groups analyzed. Male SLT use quit rates were significantly lower in SLT exclusive users than in dual users in the 2010-2011 cohort (40.0% vs. 62.2%; p = .04), but smoking quit rates in exclusive smokers and in dual users were roughly equivalent (24.4% vs. 29.5%, p = .68). Conclusions: Although smoking quit rates doubled overall and increased in most sociodemographic groups, SLT quit rates remained constant with little transition between products. Longerterm prospective data examining polytobacco use are needed to better understand transitions between tobacco products. Implications: This study uses two longitudinal surveys to investigate changes in switching behaviors between tobacco products. We found that quit rates of self-reported smoking doubled between
was not significantly different from that of exclusive smokers. Understanding transitions between smoking and SLT use is critical to assess the potential long-term impact of SLT use, and potentially that of other alternative tobacco products, on tobacco-related health outcomes.
Introduction
Although cigarette smoking prevalence continues to decrease in the United States (US), smokeless tobacco (SLT) use (chewing tobacco, snuff, and snus) has remained constant or even increased slightly since the early 2000s. 1 Nevertheless, 7.1% of US adult males were current SLT users in 2012, 2 making it the third most used tobacco product after cigarettes and cigars.
SLT has been proposed as a safer alternative to cigarettes. 3 However, SLT products are addictive and increase the risk of some cancers 4 and cardiovascular diseases. 5 Moreover, it has been suggested that SLT products may act as a gateway to cigarette smoking and discourage cessation. 3, 6 Consequently, the public health impact of SLT products is unclear.
Information on transitions between smoking and SLT use is needed to assess the potential long-term effects of SLT and potentially other alternative tobacco products on smoking cessation and initiation. Using the 2002-2003 Tobacco Use Supplement of the Current Population Survey (TUS-CPS), Zhu et al. 7 found that quit rates were higher for SLT than that for smoking, and that switching between products was infrequent. A systematic review by Tam et al. 8 concluded that never users and exclusive cigarette smokers are unlikely to transition to other tobacco use behaviors, and that exclusive SLT users are more likely to quit than exclusive smokers.
The 2010-2011 TUS-CPS longitudinal design provides an opportunity to examine more recent patterns of switching between tobacco products at the population level. In this paper, we characterize the transitions between cigarette smoking and SLT use in the 2010-2011 TUS-CPS surveys and compare quit rates of tobacco use with those from the 2002-2003 TUS-CPS. In addition to updating the results in Zhu et al., we apply an improved metric of SLT use that incorporates frequency.
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Methods
Data Source and Population
The TUS-CPS collects nationally representative data from noninstitutionalized individuals aged 15 years or older. 9 We use the TUS-CPS follow-up matched samples from February 2002 to February 2003 (n = 14 996) 10 and May 2010 to May 2011 (n = 18 226), restricting the analysis to self-respondent adults aged 18 years or older. We excluded those who first self-reported as current smokers and then as never smokers in the corresponding follow-up.
Measures
Current SLT users were defined as those reporting having ever used SLT, responding "yes" to every day or some days use at the time of the survey, and reporting use of SLT products at least 10 of the past 30 days. 1 This definition includes the frequency of SLT use, making it comparable to earlier TUS-CPS surveys and more consistent with SLT consumption data. 1 Current smokers were defined as those who reported ever smoking at least 100 cigarettes during their lifetime, and reporting smoking every day or some days at the time of the survey. Former smokers were defined as those who reported smoking at least 100 cigarettes during their lifetime and not currently smoking. Among former smokers, we differentiated those reporting having quit more than 1 year before from those having quit 1 year or less before.
Data Analysis
Survey respondents were categorized into four tobacco use groups. "Exclusive cigarette users" (smokers only) are those currently smoking but not using SLT. "Exclusive SLT users" (SLT users only) are those currently using SLT but not cigarettes. "Dual users" are those currently smoking and using SLT. "Neither" (nonusers) are defined as those neither currently smoking nor currently using SLT (ie, including a combination of never and former users of both products).
To estimate use prevalence and the transition rates to and from SLT and cigarette use, percentages of the population in each use group at baseline and the corresponding follow-up were calculated along with 95% confidence intervals (CIs). Analyses were stratified by gender since SLT use was uncommon among women. 1 Quit rates of cigarette smoking and SLT use, including transitions to exclusive use of the alternative product, were calculated among exclusive and dual users. Smoking quit rates were examined by age, race/ethnicity, income, and education. Percentages, CIs, and transition rates were calculated in SAS 9.3 using survey replicate weights developed for the longitudinal designs. 10 Differences in quit rates (cigarette or SLT) between the two cohorts were compared using a two-sample test for equality of proportions with continuity correction in R 3.2.3. Table 1 shows the transition rates (percentages) between the four tobacco use groups from 2010 to 2011. Among male nonusers in 2010 (n = 6013), 3.4% transitioned into smoking and 0.65% into SLT users by 2011. Among female nonusers in 2010 (n = 9234), 2.1% became smokers and 0.07% SLT users by 2011. Quitting one form of tobacco and switching to another was infrequent (1.4% SLT to cigarettes vs. 1.2% for cigarettes to SLT). Similar results were obtained for [2002] [2003] (Supplementary Table S1 ), except for quitting behaviors. Among male recent former smokers in 2010, 3.5% became SLT users, whereas 24.4% relapsed to cigarettes. Male recent former smokers in the 2010-2011 cohort were three times more likely to turn to SLT than those in the 2002-2003 cohort (3.5% vs. 1.0, p < .001). Among male long-term former smokers in 2010, 3.4% turned to SLT, whereas 4.9% relapsed to cigarettes. Never smokers in 2010 were more likely to take up smoking than SLT (2.7% vs. 1.7%, p = .04). Similar patterns were observed for women. Large and often significant increases in smoking cessation rates were consistent across most racial, income, and education categories (Supplementary Table S2) , with exceptions for lowest-income males, females with more than college education, Asians, American-Indians, and Other races.
Results
Discussion
Our study provides recent estimates of transitions between cigarettes and SLT products. During 2010-2011, exclusive cigarette use was more stable than exclusive SLT use and dual use. Specifically, we found that among those who were exclusive SLT users in 2010, about 40% became nonusers by 2011, whereas only about 24% of exclusive smokers in 2010 became nonsmokers. Similar patterns were observed in the 2002-2003 TUS-CPS data. 7 In general, use of cigarettes or SLT in the 2010-2011 TUS-CPS cohort was lower than that in the 2002-2003 cohort. 1 However, here, we found that male recent former smokers in the 2010-2011 cohort were more likely to become SLT users than those in the 2002-2003 cohort. Consistently with Tam et al., 8 we found that exclusive smokers were unlikely to switch to other forms of tobacco use compared to exclusive SLT users. 8 Finally, although slightly higher, we found that smoking cessation rates in dual users were not statistically different from exclusive smokers consistent with previous studies. 11, 12 Our main finding is the consistent increase of smoking cessation rates in most sociodemographic groups, in contrast with the stable SLT use cessation rates. These increases may reflect improvements in healthcare coverage of smoking cessation services, 13 increases in cigarette price and taxes in 2009, 14 the adoption of smoking-free laws, 15 changes in social norms, 15, 16 or the use of alternative nicotine delivery products, such as e-cigarettes. 17, 18 Strengths of the study include use of nationally representative longitudinal data, which allowed detailed investigation of switching behaviors across tobacco products in recent year. We used an improved metric of SLT use that takes into account frequency, which has been shown to provide comparable estimates of use across TUS-CPS survey years and of use consistent with SLT consumption trends. 1 Sensitivity analyses showed that our conclusions are robust to the SLT use definition (with or without accounting for frequency). Limitations of our study include that the TUS-CPS is self-reported, which could lead to underestimation of true smoking and SLT prevalence. In addition, the follow-up period is 1 year, which may yield inflated cessation rates. For instance, here, we found a 24% relapse rate for former smokers with less than 1 year quit in 2010. So, our estimated cessation rates are likely an overestimate of permanent smoking and SLT cessation rates. Nonetheless, we were able to perform consistent comparisons of the changes in tobacco cessation rates between the early 2000s and 2010s using longitudinal surveys with a similar follow-up period, 7, 19 results which may become updated when the Population Assessment of Tobacco and Health (PATH) survey 20 becomes available. Finally, we did not consider e-cigarette use, which was only available as first generation devices.
Conclusion
Our analyses provide updated estimates of the interactions between smoking and SLT, and of their joint use patterns across different sociodemographic groups. These results can assist the FDA Center for Tobacco Products (CTPs) in their assessment of the population impact of current and future SLT Modified Risk Tobacco Product (MRTP) applications. We found that smoking quit rates doubled from 2002-2003 to 2010-2011, whereas SLT use quit rates remained constant. Dual users were not more likely to quit cigarettes than exclusive smokers. Recent smoking quitters were more likely to relapse to smoking than SLT. Longer-term prospective data examining longitudinal transitions among tobacco users are needed to better understand transitions between tobacco products and assess the long-term health impacts of SLT and polytobacco use.
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